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(54) INVERTER CONTROLLER 

(57) Provided are, a converter section (30) which 
converts a commercial AC voltage (V AC ) into a DC volt- 
age (V DC ); an inverter section (60) which converts the 
DC voltage (V DC ) into an output AC voltage (V OUT ) of a 
predetermined frequency by a pulse-width modulation 
system based on an assigned PWM width, and supplies 
the output AC voltage (V 0UT ) to a compressor motor 



(70). Further, an instantaneous DC voltage detecting 
section (50) detects an instantaneous DC voltage {V& 
cs); and an arithmetic processing section (1 00) corrects 
the PWM width so as to maintain the output AC voltage 
(Vquj) at a desired value following the variation in the 
instantaneous DC voltage (Vrx^). It is possible to oper- 
ate a compressor motor (70) in an optimum state of load 
characteristics and efficiency. 
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Description 
TECHNICAL FIELD 



[0001] The present invention in general relates to an inverter control apparatus used in air conditioners. More par- 
ticularly, this invention relates to an inverter control apparatus for controlling a compressor motor. 



BACKGROUND ART 



w [0002] The air conditioner comprises an indoor unit (placed inside ahouse) and an outdoor unit (placed outside the 
house ) Conventionally, in the outdoor unit of the air conditioner, there has been provided an inverter control apparatus 
for controlling a compressor motor (an induction motor, a DC brushless motor, etc.) that is driven by an output AC 
vottaqe The output AC voltage is obtained as follows. A converter and a smoothing capacitor once converts a com- 
mercial AC voltage info a DC voltage, and the inverter again converts the DC voltage into the output AC voltage by a 

is pwm (Pulse Width Modulation) control. ^. mmor ^ a i 
r0003] The conventional converter is provided with a diode bridge circuit, and the converter converts a co mmercial 
AC voltage into a DC voltage. The smoothing capacitor is connected in parallel to the converter, and smoothes the DC 
voltaoe that has been obtained by the conversion of the converter. The inverter is composed of a switching element 
like a witching transistor. This inverter is a three-phase inverter that converts the DC voltage into an output AC voltage 

20 of a three-phase AC having a predetermined frequency by the PWM control for ON/OFF controlling he switch ng 
element at a predetermined timing. This inverter is input with a PWM switching pattern for instructing a switching timing 

?u0M] SW TO^WM^wl!*ing pattern is generated based on a target voltage corresponding to the operation frequency 
of the compressor motor by a known WF (Voltage/Frequency) control, The operation frequency takes a value according 
25 to ah air-conditioning load For example, the operation frequency takes a large value when there is a large d-fference 
between a set temperature of the air conditioner and a room temperature. 

ro0051 The outpw AC voltage from the inverter is expressed as a surface area (I.e. surface area S) that >s a product 
SSdc ie C and a PWM width W as shown in Fig. 7. In the PWM control, the PWM width W is controlled so 
that the output AC wltage coincides with the target voltage. The DC voltage V TC shown in this drawing .s a DC voltage 
» !S has been smoothed by the smoothing capacitor, and the PWM width W corresponds to a period dunng which the 
switching element of the Inverter is ON. & , h . ^_ mo _ ial 

[00061 WhMtt»commerrt«IACvotag»te 

A<? voltage to convert this voltage into the DC voltage. Then, the smoothing capacitor smoothes this DC voltage, and 

L shown in Fia 7 In other words, the PWM width W Is a result of dividing the target voltage by the DC voltage 
V DC 2 m ZcJll >'i thTpWM width W. the DC voKage V DC is handled as a constant value. A PWM swttching 

Dattem corresponding to the PWM width Wis input to the inverter. 

SwObT B^ d on the above arrangement, the inverter ON/OFF controls the switching element at a predeterrnmed 
<o KJ-oSSa °to th 6 e PWM swttching pattern, thereby to convert the DC voltage into the <W^*om**W 
a predetermined PWM width . This output AC voltage is supplied to the compressor motor so that the compressor 

WW ^mentioned above, in the conventional inverter control apparatus, the DC voltage Vpc is handled as a 
consent valu™ for calculating the PWM width shown in Fig . 7. However, in reality, the commercial AC voltage vanes, 

45 t^^^%T^ M inverter control apparatus, there arises a deference i between the 
Klid^wScufaS and 9 a theoretical value for carrying out an optimum control when the DC |vo^ 
varied "other words, the PWM width is calculated as a constant value regardless of a venation .n the DC voltage 
v" shewn in Rg , 7 following the variation in the commercial AC voltage. As a result, there arises a situation that the 
oufpSA^Voltage (corresponding to the area S) actual ly supplied from the inverter to the compressor motor cannot 

EEl^S? * (aS (8) show a case where an output AC voltage V ou f from the inverter varies following the 
E„ fnfhe DC vonage C Fig. 8 (A) shows a state that although ft is desirable that the DC voltage Voc takes a 
constant va Z the DC voltage v£ increases along lapse of time and then decreases, due to the .nfluence of the 
Son In me commercial AC voEge . When the DC voltage V TC has varied like this an output AC average voltage 
va ' that is a time-averaqed output AC voltage Vq\jt also varies as shown in rig. B yo). 

£ expired aoove, acting tothe inventiona. Inverter control appends, the PWM 
based on me DC voltage V oc as a constant value, despite the fact that the varies every momentfrom a DC voltage 
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V DC1 to a DC voltage V DC2 , and to a DC voltage V^, as shown in the drawing. Therefore, surface areas S 1 to S s 
of oulput AC voltage elements V-,' to V 5 ' also take different values respectively. 

[0013] As a result, the conventional inverter control apparatus has had the following problem. When the DC voltage 
V DC has varied following the variation in the commercial AC voltage, the output AC vollage V^' that is supplied from 
s the inverter to the compressor motor is deviated from the target voltage. As a result, it has not been possible to carry 
out an optimum operation of the compressor motor. 

[0014] Particularly, when the commercial AC voltage has decreased suddenly., the output AC voltage V oUT ' becomes 
less than a minimum rated voltage of the compressor motor, which is a voltage shortage state. This results in an 
occurrence of a stalling. On the other hand, when The commercial AC voltage has increased suddenly, the output AC 
10 voltage v OUT ' exceeds a maximum rated voltage of the compressor motor, which is an overvoltage state. This results 
In a flow of an excess current to operate the protection circuit, and slops the operation of the compressor motor (a stop 
due to an overcurrent). 

[0015] The power source situations (rated values, and stability, etc. of a commercial AC voltage,) In the world are 
different between the countries (regions). Therefore, in countries where the stability of Lhe commercial AC voltage is 

15 low, the use of the conventional inverter control apparatus can easily invite the occurrence of the above-described 
voltage shortage and overvoltage. Therefore, the risk of a frequent occurrence of the stalling and a stop due to an 
overcurrent becomes very high. In other words, according to the conventional inverter control apparatus, there has 
been a problem that the stability of the control of the compressor motor rs easily controlled by the power source situation. 
[0016] A DC current Ipc shown in Rg. 9 (A) includes a ripple IR1 , as the inverter control apparatus uses a low-cost 

20 circuit tor reducing the cost of. This DC current \ x is a voltage that has been smoothed by the smoothing capacitor. 
The size of the ripple J m is determined by a circuit constant and the load. 

[0017] According to the conventional inverter control apparatus, the DC current Ipc that includes the ripple l R1 shown 
in Fig. 9 (A) is switched by the PWM control. Therefore, an output AC current l OUT 4 from the inverter shown in Fig. 9 
. (B) also includes a ripple l^'. Apeak value of this ripple i R2 ' corresponds to a peak value of the ripple l B1 (reference 
25 Fig. 9 (A)). 

[0018] From the above, the conventional inverter control apparatus has had also the following problems. It is nec- 
essary to use an overcurrent protection circuit that breaks a DC* when the DC flowing through the switching element 
of the inverter exceeds a threshold value, and to use a switching element that has a large capacity and high precision. 
This has been expensive. 

30 [0019] It is an object of the present invention to provide an inverter control apparatus capable of operating an AO 
load at low cost and in an optimum state, and also capable of operating the AC load in an optimum state under any 
power source situation. 



35 



DISCLOSURE OF THE INVENTION 



[0020] The inverter control apparatus according to this invention comprises a converting unit which converts a com- 
mercial AC voltage into a DC voltage; an inverting unit which converts the DC voltage into an oulput AC voltage of a 
predetermined frequency by a pulse-width modulation system based on an assigned pulse width, and supplies the 
output AC voltage to an AC load; an instantaneous DC voltage detecting unH which detects an instantaneous value of 
^o the DC voltage; and a correctin g unit which correcis the pulse width so as to maintain the output AC voltage at a desired 
value following the variation in a result of a detection by the instantaneous DC voltage detecting unit. 
[0021) Thus, in the inverter control apparatus of this invention, the instantaneous value of a DC voltage also varies 
following the variation In a commercial AC voltage. This variation in the instantaneous value of the DC voltage is also 
reflected in a result of a detection carried out by an instantaneous DC voltage detecting unit. Then, the correcting unit 
45 corrects the pulse width following the variation in the detection result. As a result, the output AC vottage supplied from 
the inverting unit to the AC load is maintained at a desired value without receiving an Influence of the variation in the 
Instantaneous value of the DC voltage following the variation In the commercial AC voltage. 

[0022] In other words, it is possibleto supply an output AC voltage of a desired value to the AC load without receiving 
an influence of the variation in the commercial AC voltage. As a result, it Is possible to operate the AC load in an 
50 optimum state of load characteristics and efficiency. 

[0023] Further, it is preferable thatthe correcting unit corrects the pulse width based on a result of multiplying a ratio 
of a preset reference voltage to a detection result of the instantaneous DC voltage detecting unit, and a target voltage 
as a target value of the output AC voltage. 

[0024J Thus, the correcting unit corrects the pulse width based on a result of multiplying a ratio of a reference voltage 
ss to a detection result of the instantaneous DC voltage detecting unit, and a target voltage. Therefore, it is possible to 
supply an output AC voltage of a desired value to the AC load without receiving an Influence of the variation In the 
commercial AC voltage. As a result, it is possible to operate the AC load In an optimum state of load characteristics 
and efficiency. 
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[0025] Further, the inverter control apparatus may further comprise a setting changing unit which changes a setting 
of the reference voltage according to the commercial AC voltage. 

[0026] Thus : the setting changing unit changes the setting of the reference voltage according to the commercial AC 
voltage. Therefore. It is possible to supply an output AC voltage of a desired value to the AC load in countries and 
5 regions where the power source situations (rated values, and stability, etc. of a commercial AC voltage,) are different. 
As a result, it is possible to operate the AC load in an optimum state regardless of countries and regions . 
[0027] Further, it is preferable that the correcting unit corrects the pulse width by calculating the ratio for every one 
period of a modulation carrier in the pulse-width modulation system. 

[0028] Thus, the pulse width is corrected for every one period of a modulation carrier. Therefore, as the influence of 
10 the ripple included in the commercial AC voltage is reduced, it is possible to avoid a current breaking due to an over- 
current attributable to the ripple, and it is also possible to increase the reliability. Further, it Is possible to lower the cost 
(an overcurrent breaking circuit) for avoiding the ripple. 

[0029] Further, it is preferable thai the correcting unit corrects the pulse width by calculating the ratio for every n 
periods (=* equal to or above 2) of a modulation carrier in the pulse-width modulation system. 
15 [003O] Thus, the ratio (a reference voltage / a detection result of the instantaneous DC voltage detecting unit) is 
calculated for every n periods of a modulation carrier. Therefore, it is possible to decrease the number of calculating 
the ratio per unit time, as compared with the case of calculating the ratio for every one period. As a result, it is possible 
to lower the cost as the correction can be realfced by a low-cost arithmetic and logic unit. 

[0031] Further, It is preferable that the Instantaneous DC voltage detecting unit directly detects the DC voltage by a 
30 non-insulating circuit that has been grounded to be rn a potential common to thai of the correcting unit. 

[0032] Accordingly, it is possible to shorten the detection time, as compared with the case of detecting a DC voltage 
using an insulating circuit like a photo-coupjer or the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

[0033] 

Fig. 1 is a block diagram showing a structure of a first embodiment relating to the present Invention: Fig. 2 is a 
diagram showing a power source voltage and a reference voltage V ref in Europe, China and Australia respectively; 

30 Fig. 3 is a diagram showing a V/F pattern data; Fig. 4 is a diagram showing a waveform of an output AC voltage 

Voirr shown in Fig. 1 ; Fig. 5 is a flowchart for explaining the operation of the first embodiment; Fig. 6 is a flowchart 
for explaining the operation of a second embodiment; Fig. 7 Is a diagram for explaining a method of determining 
the output AC voltage in a conventional inverter control apparatus; Fig. 8 is a diagram for explaining problems of 
the conventional inverter control apparatus and effects of the first embodiment; and Fig. 9 is a diagram for explaining 

35 problems of the conventional inverter control apparatus and effects of the first embodiment. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0034] Preferred embodiments of this invention will be explained in detail below with reference to the accompanying 
40 drawings. 

[0035] Fig. 1 is a block diagram showing a structure of a first embodiment relating to the present invention. The 
inverter control apparatus 10 shown in this figure is provided in the outdoor unit of the air conditioner. The inverter 
control apparatus 1 0 is for converting a commercial AC voltage V AC Into a DC voltage Voc, and then inversely converting 
this DC voltage V DC into an output AC voltage V OUT of a desired three-phase AC, thereby to control a compressor 
4* motor 70. 

[0036] In this inverter control apparatus 1 0, a commercial AC power source 20 supplies the commercial AC voltage 
V AC to a converter section 30, The commercial AC voltage supplied from the commercial AC power source 20 is 
different depending on the country in the world because of differences in the power source situations, and the laws 
relating to power supply business between the countries. 

so [0037] For example, In Europe, the commercial AC voltage is within the, range from 220 to 240 V ± 10% as 
described in the column of "Power source voltage in Europe" as shown In Fig. 2 (A), in China, the commercial AC 
voltage V AC is within the range of 220 V ± 10% as described in the column of "Power source voltage in China* as 
shown in Fig. 2 (B) . Further, In Australia, the commercial AC voltage V AC Is wfthin the range of 240 V ± 10% as 
described in the column of "Power source voltage in Australia" as shown in Fig. 2 (C). 

ss [0038] Referring back to Rg. 1 , the converter section 30 is composed of a diode bridge circuit connected In parallel 
to the commercial AC power source 20, to convert the commercial AC voltage V AC Into the DC voltage. A smoothing 
capacitor 40 is connected in parallel to the converter section 30, to smooth the DC voltage obtained by conversion by 
the converter section 30. An inter-terminal voltage of the smoothing capacitor 40 is a DC voltage V DC after the smooth- 
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ing This DC voltage V DC varies by receiving the influence of tne variation in the commercial AC power source 20. 
[0039] An instantaneous DC voltage detecting section so is connected in parallel to the smoothing capacitor 40. and 
is composed of a voltage-dividing resistor 51 and a voltage-dividing resistor 52 that are connected in series. The 
instantaneous DC voltage detecting section 50 detects an instantaneous value of the DC voltage Vp,- as. a divided 

s instantaneous DC voltage V oCS . In other words, the instantaneous DC voliage is a voltage between t he ground 
and a connection point C between the voltage-dividing resistor 51 and the voltage-dividing resistor 52. This voltage 
has a size (equal to or above 0 V end less than 5 V) that can be directly processed by an NO (Analog/Digital) conversion 
port (not shown) of an arithmetic processing section 100 to be described later. In the following explanation the DC 
voltage Vdc and the instantaneous DC voltage V DC5 will be explained to have the same value, for the sake of the 

10 convenience of the explanation. .-«,„. •■• h^h,,!^ 

r00401 An inverter section 60 has a switching element like a power transistor, an IPM (Intelligent Power Module), 
and the like. This is a 1hree-phase inverter that converts a DC voltage V K into an output AC voltage V Qvn of a ™ ree * 
phase AC having a predetermined frequency by a PWM control for ON/OFF controlling the switching element at a 

is [OSS 6 ' The ! PM accommodates the switching element, a driving circuit, a protection circuit, etc. in one module. This 
is means for systematizing the power device and for making the power device intelligent. The compressor motor 70 is 
provided in the outdoor unit (not shown) of the air conditioner, and is driven by the three-phase output AC voltage 
suppliedf rom the inverter section 60. An induction motor, a DC brushless motor, etc. are used as the compressor motor 

so r0042] A target vottage output section 80 outputs a target voltage V„, corresponding to an operation frequency f m 
obtained from an operation frequency command signal S fm by a known V/F(VottageyFrequency) control. The operatton 
frequency f M takes a value according to an air-conditioning load. For example, this value becomes large when there 
is a large difference between a set temperature of the air conditioner and a room temperature. The operation trequency 
command signal is a signal corresponding to the operation frequency f m . The target voltage V is a voltage that 

25 takes an optimum value with respect to the operation frequency t m , and the target voltage V„, Is obtained from V/F 

pattern data shown In Fig. 3. .._ 

[00431 The target voltage V m is used for calculating a PWM width W to be described later. The V/F pattern data 
shown in this drawing shows a relationship between the operation frequency f ra In the horizontal axis and the target 
voltage V m in the vertical axis. The V/F pattern data has characteristics capable of most efficiently control the com- 

30 pressor motor 70. This V/F pattern data is stored In a memoiy (not shown) of the target voltage output section 80. 
[0044] Referring back to Fig. 1 . a reference voltage setting section 90 is for setting the reference voltage V rel to an 
arithmetic processing section 1 00. This V Pef corresponds to a rated value (= constant) of the commercial AC voltage 
V*f and takes a value corresponding to the commercial AC voltage V AC (power source situation) in each country 
(region) of the world. For example, the reference voltage V ref In Europe is 230 x 1.414 V shown in Fig. 2 (A) . The 

as reference voltage V ref in China is 220 X 1 .414 V shown in Fig. 2 (B) Further, the reference vottage V te , in Australia 
is 240 x 1 414 V. As explained above, the reference voltage setting section 90 sets the reference voltage v roI that 
conforms to the corresponding country according to the commercial AC voltage V AC in each country of the world. 
[0045] Referring back to Fig. 1 , the arithmetic processing section 1 00 generates a PWM switching pattern signal P 
based on the target voltage V„, from the target voltage output section 80. and outputs this to the Inverter section 60. 

40 This PWM switching pattern signal P is forcontrollingthe timing of tumin'g ON/OFF the switching element of the Inverter 
section 60. In other words, this PWM switching pattern signal P is for controlling the PWM width of the output AC 

[0046] e hsetuai practice, the arithmetic processing section 1 00 is not Simply generating the PWM switching pattern 
signal P from the target vottage V ro . Instead, the arithmetic processing section 1 00 corrects the target voltage V m (a 
4S corrected target voltage V ma ) using a DC voltage correction coefficient A for correcting the variation of the DC voltage 
V oc . and generates the PWM switching pattern signal P from this result. 

[0047] Specifically, the arithmetic processing section 1 00 calculates the DC voltage correction coefficient A from the 
following equation (1 ). and then calculates the corrected target vottage V ma from the following equation (2). 

50 DC voltage correction coefficient A = Reference voltage V wf / Instantaneous DC vottage VpcS d ) 



Corrected target voltage V,^ = Target voltage V ro x DC voltage correction coefficient A (2) 

[0048] The corrected target voltage V ma of the equation (2) is the target vottage V m that has been corrected based 
on the variation of the instantaneous DC vottage Vdcs (the DC voltage Vqc)- For example, when the commercial AC 
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voltage V AC has become higher lhan the rated value, the instantaneous DC voltage Vqcs (tt>® DC voltage Vqq) becomes 
higher than the reference voltage V rd . In this case, the DC voltage correction coefficient A becomes less than 1, so 
that the corrected target voltage V ma becomes less than the target voltage V^. In other words, when the instantaneous 
DC voltage has become higher than the reference voltage V refl the corrected target voltage V ma is set to have 

5 a lower value than the target voltage V m . 

[0049] On the other hand, when the commercial AC voltage V AC has become lower than the rated value., the instan- 
taneous DC voltage Vpcs (the DC voltage Vqc) becomes lower than the reference voltage v rer . In this case, the DC 
voltage correction coefficient A becomes larger then 1 , so that the corrected target voltage V rna becomes higher than 
the target voltage V m . In other words, when the instantaneous DC voltage V DCS has become lower than the reference 

10 voltage V ror: the corrected target voltage \f m ^ is set to have a higher value than the target voltage V m . 

[0050] Further, when the commercial AC voltage V AC has become equal to the rated value, the instantaneous DC 
voltage Vdcs (the DC voltage V^) takes the same value as the reference voltage V^. In this case, the DC voltage 
correction coefficient A becomes 1 , so that the corrected targei voltage V ma becomes equal to the target voltage V m . 
[0051] After the arithmetic processing section 1 00 has divided the corrected target voltage V ma by the instantaneous 

15 DC voltage Vocs an d obtained the PWM width from this result, the arithmetic processing section 100 generates the 
PWM switching pattern signal P corresponding to this PWM width, and outputs this signal to the inverter section 60. 
The arithmetic processing section 100 is also grounded to take the same potential as that of one end portion of the 
voltage-dividing resistor 52. 

[0052] Next, the operation of the first embodiment will be explained with reference to a flowchart shown in Fig. 5, 
20 First, the reference voltage setting section 90 shown in Fig. 1 sets to the arithmetic processing section 1 00 the reference 
voltage V ref that conforms to the power source situation (the commercial AC voltage) of the country (region) in which 
the air conditioner is used. 

[0053] For example, when the air conditioner is to be used in Europe, the reference voltage setting section 90 sets 
230 x 1.1414 V shown in Fig. 2(A) as the reference voltage V^,, When theaircondftioner is to be used in China, the 
25 reference voltage setting section 90 sets 220 x 1 .1414 V shown in Fig, 2 (B) as the reference voltage V Tef . Further, 
when the air conditioner is to be used in Australia, the reference voltage setting section 90 sets 240 x 1 .1414 V as 
the reference voltage V ref . * 

[0054] When the commercial AC voltage has been supplied to the converter section 30 from the commercial 
AC power source 20, the converter section 30 full-wave rectifies this commercial AC voltage V^. Then, the smoothing 
30 capacitor 40 smoothes this commercial AC voltage, and converts it into the DC voltage V^. In this case, the voltage- 
dividing resistor 51 and the voltage-dividing resistor 52 of the instantaneous DC voltage detecting section 50 divide 
the DC voltage V DC) so that the instantaneous DC voltage between the connection point C and the ground is 
detected. This instantaneous DC voltage V DCS is input to an A/D conversion port (not shown) of the arithmetic process- 
ing section 100. 

35 [0055] When the operation frequency command signal S fm corresponding to the operation frequency f^ of the com- 
pressor motor 7 has been input to the target voltage output section 80, the target voltage output section 80 obtains the 
target voltage V m corresponding to the operation frequency f m from the V/F pattern data shown in Fig. 3, and then 
outputs this target voltage to the arithmetic processing section 1 00. 

[0056] The arithmetic processing section 1 00 then proceeds to step SA1 shown in Fig. 5, and makes a decision as 
40 to whetherthe timing of a carrier period has come or not based on a result of the time measured by a timer (not shown) . 
In this case, the arithmetic processing section 1 00 sets "No" as a result of the decision made, and then repeats making 
the same decision. This carrier period is a period of the carrier (a modulated wave) in the PWM control of the inverter 
section 60. 

[0057] When the timing of the carrier period has come, the arithmetic processing section 1 00 sets "Yes" as a result 
45 of the decision made at step SA1 , and then proceeds to step SA2. At step SA2, the arithmetic processing section 1 00 
takes In the target voltage V m from the target voltage output section 80, and then proceeds to step SA3. It is assumed 
that the target voltage V m takes a constant value. At step SA3, the arithmetic processing section 1 00 directly takes in 
the instantaneous DC voltage V^o^ from the instantaneous DC voltage detecting section 50 via the A/D conversion 
port (not shown), and then proceeds to step SA4. 
so [0058] At step SA4, the arithmetic processing section 1 00 substitutes the reference voltage V re , from the reference 
voltage setting section 90 and the instantaneous DC voltage Vrxss taken in at step SA3, Into the equation (1), and 
calculates the DC voltage correction coefficient A. Then, the arithmetic processing section 100 proceeds to step SA5. 
[0059] In this case, ft Is assumed that trie commercial AC voltage V AC takes a rated value, and that the DC voltage 
is the DC voltage V DC1 (= the reference voltage V rer ) shown In Fig. 8 (C). Then, the Instantaneous DC voltage 
55 Vqqs (- the DC voltage V DC1 ) becomes equal to the reference voltage V ref . As a result the DC voltage correction 
coefficient A (the reference voltage V ref / the instantaneous DC voltage Vqcs) becomes 1 . 

[0060] At step 5A5, the arithmetic processing section 1 00 substitutes the target voltage V m taken in at step SA2 and 
the DC voltage correction coefficient A (= 1) calculated at step SA4, Into the equation (2), thereby to calculate the 
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corrected target voltage V^, and than proceeds to step SA6. In this case, as the DC voltage correction coefficient A 
rs 1 , the corrected target voltage V mfl becomes equal to the target voltage V m . 

[0061 J At step SA6. the arithmetic processing section 100 divides the corrected target voltage V mQ by the Instanta- 
neous DC voltage (=-. the DC voltage V^: reference Rg. 8 (C)) taken in at step SA3, and obtains a PWM width 
5 W\ shown in Fig. 8 (C), as a result of this division. Then, the arithmetic processing section 1 00 proceeds to step SA7. 
At step SA7 ; the arithmetic processing section 100 generates the PWM switching pattern signal P corresponding to 
the PWM width W v Next, the arithmetic processing section 100 outputs the PWM switching pattern signal P to the 
inverter section 60, and returns to step SA1. Then, the arithmetic processing section 100 repeats making the above 
decision. 

io [0062] When the PWM switching pattern signal P has been input ro the Inverter section 60, the Inverter section 60 
converts the DC voltage (= the DC voltage V DC1 ; reference Fig. 8 (C)) into the output AC voltage V OUT . by the 
PWM control of turning ON/OFF the switching element according to trje PWM switching pattern signal P. The inverter 
section 60 supplies this output AC voltage V OLfT lo the compressor motor 70. In this case, the PWM width W, of an 
output AC voltage element v 1 in the output AC voltage V OUT Is the PWM width that has been calculated at step SAG 

is as shown in Fig. 6 (C). 

T0O63J When the timing of the carrier period has come, the arithmetic processing section 1 00 sets "Yes" as a result 
of the decision made at step SA1 , and then proceeds to step SA2. At step SA2, the arithmetic processing section 1 00 
takes in the target voltage V m from the target voltage output section 80, and then proceeds to step SA3. At step SA3, 
the arithmetic processing section 1 00 takes in the instantaneous DC voltage from the instantaneous DC voltage 
detecting section 50, and then proceeds to step SA4. In this case, it is assumed that the DC voltage has increased 
from the DC voltage shown In Fig. 8 (C) to the DC voltage V^, due to the increase in the commercial AC voltage 

V AC* 

[0064] At step SA4, the arithmetic processing section 1 00 substitutes the reference voltage from the reference 
voltage setting section 90 and the instantaneous DC voltage V DC5 (= the DC voltage V^) taken in at step SA3, into 
the equation (1). and calculates the DC voltage correction coefficient A. Then, the arithmetic processing section 100 
proceeds to step SA5. 

[0065] In this case, It is assumed that the commercial AC voltage V AC takes a higher value than the rated value, and 
that the DC voltage V DC is the DC voltage (> the reference voltage V ref ) shown in Fig, s (Q. As a result, the DC 
voltage correction coefficient A (the reference voltage / the instantaneous DC voltage Vrv^) takes a value less 
30 than 1. " 

[0066] At step SA5, the arithmetic processing section 1 00 substitutes the target voltage V m taken in at step SA2 and 
the DC voltage correction coefficient A (< 1) calculated at step SA4, into the equation (2), thereby to calculate the 
corrected target voltage V ma , end then proceeds to step SA6. In this case, as the DC voltage correction coefficient A 
is less than 1 , the corrected target voltage V ma becomes less than the target voltage V m . 
as [0067] At step SA6, the arithmetic processing section 1 00 divides the corrected target voltage V ma by the instanta- 
neous DC voltage V^ (= the DC voltage V^: reference Fig. 8 (C)) taken in at step SA3, and obtains a PWM width 
W 2 shown in Rg. 8 (C), as a result of this division . Then, the arithmetic processing section 100 proceeds to step SA7 
This PWM width W 2 is smaller than the PWM width W 1 that is before the increase of the DC voltage V w . 
[0068] At step S A7, the arithmetic processing section 1 00 generates the PWM switching pattern signal P correspond- 
ing to the PWM width W 2 (< the PWM width WJ. Next, the arithmetic processing section 1 00 outputs the PWM switching 
pattern signal P lo the inverter section 60, and returns to step SA1 . Then, the arithmetic processing section 1 00 repeals 
making the above decision. 

[0069] When the PWM switching pattern signal P has been input to the inverter section 60, the inverter section 60 
converts the DC voltage Vdc (= the DC voltage V 0C2 : reference Fig. 8 (C)) into the output AC voltage V om -, by the 
PWM control of turning ON/OFF the switching element according to the PWM switching pattern signal P The inverter 
sectron 60 supplies this output AC voltage V OUT to the compressor motor 70, 

[0070] In this case, the PWM width W 2 of an output AC voltage element v 2 in the output AC voltage is smaller 
than the PWM width W, , contrary to the trend that the DC voltage VDC 2 is higher than the DC voltage VDC, In other 
words, the PWM width W 2 is made smaller than the PWM width so that the area S of the DC voltage element v< 
becomes equal to the area S of the DC voltage element v 2 . As a result, an output AC average voltage C/W that is 
an average value of the output AC voltage W is maintained at a constant value, regardless of the variatf on in the 
DC voltage V^ (the DC voltage to the DC voltage V DC2 ) following the variation in the commercial AC voltage V AC 
[0071 J Thereafter, the above-described operation Is repeated for every one-carrier period, at step SA1 to step SA7 
Based on this operation, a PWM width W 3 to a PWM width W 5 are varied according to an increase and a decrease in 
DC voltages V^ to V DC5 so that all the areas S in output AC voltage elements v 3 to v s become equal, as shown In 
Fig. 8 (C). As a result, an output AC average voltage VA^ takes a constant value at all time without receiving an 
influence of the variation in the DC voltage V w following the variation in the commercial AC voltage V AC 
[0072] When the DC voltage has decreased from the reference voltage V tef due to a reduction in the commercial 
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AC voltage V ACl at step SA4 f the arithmetic processing section 100 substitutes the reference voltage V ref from the 
reference voltage setting section 90 and the instantaneous DC voftage Vqcs (< the DC voltage V^) taken in. at step 
5 A3, into the equation (1), and calculates the DC voltage correction coefficient A. Then, the arithmetic processing 
section 1 00 proceeds to step SA5. In this case, the DC voltage correction coefficient A takes a value larger than 1 . 

5 [0073] At step SA5, the arithmetic processing section 1 00 substitutes the target voltage V m taken in at step SA2 and 
the DC voltage correction coefficient A (> 1) calculated at step SA4, into the equation (2), thereby to calculate the 
corrected target voltage V ma , and then proceeds to step SA6. In this case, as the DC voltage correction coefficient A 
takes a value larger than 1 , the corrected target voftage becomes higher than the target voltage V^, 
[0074J At step SA6, the arithmetic processing section 1 00 divides the corrected target voltage V ma by the instanta- 

10 neous DC voltage V DCS taken In at step 5A3, and obtains a PWM width W, as a result of this division. Then, the 
arithmetic processing section 1 00 proceeds to step SA7. This PWM width is larger than the PWM width W- shown in 
Fig. 8 (C). 

[0075J At step SA7. the arithmetic processing section 1 00 generates the PWM switching pattern signal P correspond- 
ing to the PWM width (> the PWM width W,). Next, the arithmetic processing section 100 outputs the PWM switching 
is pattern signal P to the inverter section 60, and returns to step SA1 . Then, the arithmetic processing section 1 00 repeats 
making the above decision. 

[0076] When the PWM switching pattern signal P has been input to the inverter section 60, the inverter section 60 
converts the DC voltage into the output AC voltage V OUT , by the PWM control of turning ON/OFF the switching 
element according to the PWM switching pattern signal R The inverter section 60 supplies this output AC voltage Vqut 
20 to the compressor motor 70. In this case too, the product (surface area) of the DC voltage and the PWM width 
becomes equal to the area S shown in Fig. 8. As a result, the output AC average voltage VAq^ is maintained at a 
constant value without receiving an influence of a reduction in the DC voltage following the reduction in the com- 
mercial AC voftage V AC . 

[0077] As explained above, according to the first embodiment, the arithmetic processing section 1 00 corrects the 
2s pwm width based on a result (the corrected target voltage V mB ) of multiplying a ratio (the DC voltage correction coef- 
ficient A) of the reference voltage V ref to the instantaneous DC voltage Vp^ detected by the instantaneous DC voltage 
detecting section 50, and the commercial AC voltage V m . Therefore, It is possible to supply the output AC voltage V OUT 
of a desired value to the compressor motor 70 without receiving an influence of the variation in the commercial AC 
voltage V AC . As a result, it is possible to operate the compressor motor 70 in an optimum state of load characteristics 
90 and efficiency. 

[0078] Further, according to the first embodiment, the reference voftage setting section 90 afters the setting of the 
reference voltage V ref according to the commercial AC voltage V AC . Therefore, it is possible to supply the output AC 
voltage V OUT of a desired value to the compressor motor 70 in countries and regions where the powersource situations 
(rated values, and stability, etc. of the commercial AC voltage,) are different. As a result, according to the first embod- 
35 irnerrt. impossible to avoid the risk of the occurrence of a stalling and a stop of the compressor motor 70 due to an 
overcurrent attributable to a voltage shortage and an overvoltage. 

[0079] Further according to the first embodiment, the PWM width is corrected for every one^carrier period. Therefore, 
it is also possible to correct the ripple lft 2 included in the output AC voltage l 0UT as shown In Figs. 9 (C) and (D). Thus! 
according to the first embodiment, the ripple IR 2 (reference Fig. Fig. 9 (D)) included in the output AC voltage l OUT is' 
lowered as compared with the conventional ripple l^' (reference Fig. 9 (B)). As a result, it is possible to avoid the 
current stop due to the overcurrent attributable of the ripple, and to improve the reliability. Further, it is possible to lower 
the cost for reducing the ripple (the cost of an overcurrent breaking circuit, and a switching element). 
[0080] Further, according to the first embodiment, the instantaneous DC voltage detecting section 50 as a hon- 
insulating circuit directly inputs the instantaneous DC voltage to the arithmetic processing section 1 00 via the AJ 
D conversion port. Therefore, ft is possible to shorten the detection time, as compared with the case of detecting a DC 
voltage by using an Insulating circuit like a photo-coupler or the like. 

[0081] Further, according tD the first embodiment, a detection error of the Instantaneous DC voltage is deter- 
mined based on only the variance in the resistance of the voltage-dividing resistor 51 and the voltage-dividing resistor 
52 respectively. Therefore, it is possible to detect the instantaneous DC voltage at low cost and in high precision 
so by only correcting the resistance. 

[0082] In the first embodiment, an example of the case of calculating the corrected target voltage at the timing 
of one earner period has been explained with reference to the flowchart shown in Fig. 5. it is also possible to calculate 
the corrected target voltage V ma at the timing of an n- (2 or above) carrier period. This case will be explained below 
as a second embodiment. 

5S [0083) Next, the operation of the second embodiment win be explained with reference to a flowchart shown in Fig 
6. An example of calculating the target voltage V ma at the timing of a two^arrier period will be explained with reference 
to this drawing. 

[0084] First, the arithmetic processing section 1 00 proceeds to step SBt shown in Fig. 6, and makes a decision as 
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to whetherthetiming of a carrier period has comeor not based on a result of the time measured by a timer (not shown) 

! f^M^I y^SZ^fT"™ ^ " N °" teSUK ° ,lhe *■■*»■»•* «*«<•" repeats making 
the same dec«ion When the taming of (he carrier period has come, the arithmetic processing section 100 sets "Yes" 

s ? fiXST dB T? ? ^ SB1 ' 8nd th6n pf ° Ceed6 10 S,fi P SB2 " A < ^ SB2 - ti arithmetic prooas^g 

sS Hi w 6 ? r96t V o a9 ° Vm fr ° m the tar9et VOlta9e *"P*™«™ 80 in a sim/larmannerto the! at step 
5A2, and then proceeds to step SB3, K 

SSI? ■ A l SleP SB 4l arlthmetic Peeing section 1 00 makes a decision as lo whether a carrier period count 
thinh* J,Z f Peri ° d C ° Unl V8 ' Ue ° is 8 ° ount va,u * of the carrier P eriod - 'n this case, it Is assumed 
10 S2iT T P , e "° d o° D Unt V8,Ue " ' 5 2> Then ,he arithmetic Passing section 100 sets "Yes- as a result of the 
^ESTtTfth P ' the " Pr ° CeedS t0 St6P SB4 - At St6p SB4 ' the arithmetic Posing section 1 00 sub 
2S2f i ° Camer Peri0d C0UAl ValUe " t0 initialize t0 coum ' and *« proceeds to step SB5 
ESS. Sta ^ SB ^" the arilnmetic Passing section ioo takes in the instantaneous DC voltage V DCS from the 

*e siThe lS£2? a deteCt,n9 SeCt ' 0n , 50 in 3 Simi ' ar mann6r t0 ^ ' n SA3 ' and procee * to^p At 

reSio^o an r^ 

S2l n^ 'nslantaneous DC voltage taken in at step SBS. into the above-desoribed equation (1), and 

tCS v^n^ 87 ; I" arlth ^ etic P roce ^"9 section 1 00 substitutes the target voltage V m taken in at step SB2 and 
the DC voltage correction coeffaent A calculated at step SB 6 , into the above-described equation (2) thereby to cat 

SoSr j?SZ££S* V T 9 l V - in a 6,m, ' ,ar manner t0 that aI step SAS ' and «™ ?i 
[0088] At step SB8, the arithmetic processing section 100 divides the corrected target voltage V bv the inetanta 

to that at step SA6. Then, the arrthmetic processing section 100 proceeds to step SB9. At step SB9 the arithmetic 
processing section 100 generates the PWM switching pattern signal P corresponding to the P^ w.lth Next S 

nnS i ' IL, et ' C process,n 9 section 100 ^peats making the above decision, 

coverts *eDC vn^v "V IT P ' npUt 10 secti ™ 60 - *• inverter section 60 

^5 fto £21 SS£* ^K 0 ^" 1 A ° VouT ' by lhe PWM contro ' ot lu ™9 ON/OFF the switching 

!^ 9 PWM P attem si 9" al P. a similar manner to that described above The inverter 

sectaon 60 supp .es this output AC voltage V our to the compressor motor 70. m this easTthe oZt' Jc Z 

tTnr^ S AC V0,ta9e V «"" tekes a constant va,ue receiving an influent oftt vaSn 

the DC voltage following the variation in the commercial AC voltage V AC - vanat.on in 

esTof trt h dl- he " eXt h""? 9 .° f « Cai7ler P9ri0d has corne " arithmetic processing section 100 sets "Yes" as a 
SS^tS2252 f/ P f 1 • ^ *° n Pr0CBedS t0 StGp SB2 - At ste " SB2 ' ^arithmetic proce singleton 
and ^p^TiSS V - ^ ^ V ° ,ta9e 0U,pUt SeCti °" a0 " a si - ila ^ —to that at sfep ZS. 

to step SB8 ter9el V0Ua9e Vma " 3 6imilar manner to that at ste P SA5- and then proceeds 

$ATind*en\^ 

repeats making the above decision. P the anthmet,c P rocessi ng section 100 

S 4 Ltl!l h Hl! he " 8Xt h mln9 ° f ,he Camer perfod naa come ' ,he ariIh " 1Bti < : Processing section 100 sets -Yes' as a 

22?«f tf n eP , SB3 ' BB J lh * Carr,er P6ri0d COunt va!ae n is 2 - the artthmetfc processing section 1 00 sets "Yes" a 
result of the decision made, and then proceeds to steD SB4 At et*n <;f^i th^^^Tllt' * eci,on . uu 6eIS Tes as a 
<{tirutP<t 1 inhr. th a Mr u Al . ^ V, H^uwtfub id step 2>e«. At step SB4, the arithmetic process ng sect on 100 sub- 
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from the reference voltage setting section 90 and the instantaneous DC voltage V DCS taken in at step SB5 into the 
ebove-descnbed equation (1 ). and calculates a new DC voltage correction coefficient A. in a similar mannerto that at 
step SA4 Then, the arithmetic processing section 1 00 proceeds to step SB7. In other words, the DC voltage correction 

e ™ep !&M - anJ lafter^rdf ^ * tW0HSan,-r Peri0d - Thereafter - th * above-described operation is repeated at 
10096] As explained above, according to the second embodiment, the DC voltage correction coefficient A is calculated 
for ave-y n earner periods. Therefore, it is possible to decrease the number of calculating the DC voltage correction 
nn! !! C,er, it, Per T, ' as u COmf>ared with the «"» °f calculating the DC voltage correction coefficient A for every 

,„ °™ P f . embodtment. As the connection can be realized by the low-cost arithmetic processing section 

io 100 at a slow processing speed, it is possible to tower the cost. 

[0097] Particularly, when the earner frequency Is to be set high based on the request for reducing the noise of the 

™ZTl m o^° 22 I" imPr ° Vin9 the PreCiS *° n ° f the Wavef0rm 01 0UI P ut AC voltfl 9 e W method of 
correcting the PWM width for every n-carrier period greatly contributes to the cost reduction 

[0098) While the first and second embodiments or the present invention have been explained in detail above with 
reference to the drawings, detailed structure examples are not limited to the first and second embodiments. Any other 
design modifications within the range not deviating from the gist of the present invention are all included in the present 
invention. ^ 
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[O099J For example, the square-waveform PWM system as shown in Fi* 8 (C) has been explained as an example 
in the first and second embodiments. However.it is also possible to obtain similar effects to those of the first and second 
T^Z*T ^ en ^ U8 ° idal "™e-*PPToximated PWM system for controlling the motor and the compressor motor 
is employed as the PWM system. 

JM"!" 1 tK f fif5t emb ° dimen1 ' a description has been made of the case where the reference voltage setting 
r Howo IT, T B 7 er8nCe !, 0lt f 96 Vref (refer6nCe Fi9S ' 2 (A) ,0 (C » c °™ s Ponding to the commeitial AC voltage 
M ' °JT ' ? P ° SS "" e t0 361 the volta9e ^spending to the power source situations of each countty or 
region (the commercial AC voltage V AC is always low (or high)), as the reference voitage V ref 
loioi] As explained above, according 10 the inverter control apparatus of the present Invention, it is possible to 
2212 ? V °'!f 96 ° f S ^ Va ' Ue 10 ,he AC ' 0ad wSth0Ut ™S * n influenc * * viSK the 

30 5312L FU ?f' 1116 C ° rreCting unit cormcts the P utee wWh based on a result of multiplying a ratio of a reference 
to i%Z»^^T^l^™ US DC'oH***"** «"■*• a^atargetvoTage Therefore, it is possibte 
co3^c?l A a C s Tfr ! T** V9lUe J 0 *? A ° ' 0ad With ° Ut reCeiVin9 a " lnf,Ue " C6 01 th * "> 
foa^a^ 

35 Staae T^^^ST^^ ""J *"* °' *°* a * e aoowStn 0 *> *• commercial AC 

^XJLro h P t0 SUPp,y a " ° Uim AC VOlta0S of a desired va,ue to *» AC load in countries and 
a™I ^ Power source situations (rated values, and stability, etc. of a commercial AC voltage,) are different 

fegfons ^ P< ~ ,W,to 0 " ara,e the AC « optimum state wb«^ - JSSTS 

KSLSS i"!^" 1 ? WWlh 13 C ° rre0ted f0r 6VeTy 0ne period of a mo^'ation carrier . Therefore, as the influence 
6d ' n th8 commerciaJ AC ^age is reduced, there is an effect that ft is possible to avoid fcTem 
# 9 ! » n overcurre " t attributable to the ripple, and ft is ateo possible to increase tEe reliability Further^re 

0105, tl " 1 6 10 '° Wer C0St (an 0Ve, • eurren, breaW "9 ci ™*> *>r avoiding the Ipp le ' 

[0105] Further, the rat,o (a reference voltage / a detection result of the Instantaneous DC voltage detectina unit) is 

1 J! 5 5! " rt t,mei 95 with th * case of calculating the ratfo for every one period As a resuK Nereis an 

2, p S H P °f b , t0 ' OWer ^ C0SI ' as the oorrectio " «» »» "—d by a L-cost aSmic SXJ?St 
aDCvoteafu^^ 8 ^ 

a DC voltage using an insulating circuit like a photo-coupler or the like. ««w.uns 
INDUSTRIAL APPLICABILITY 

2 r th A a S . ^ P ' fl ' n d ed aP °,);f the ^ter contro. apparatus relating to the present invention is useful for the air con- 

s^^^r^^ where me power source situat,ons <rated vahje5 - - d ^ 



40 



45 



50 



BNSDOCID^EP 1152SZ1A1_L> 



10 



SEP. 13. 2005 4:21PM 

» 



WL&P 



NO. 6152 P. 32 



10 



15 



20 



25 



30 



35 



BP 1 152 521 A1 

Claims 

1 - An inverter control apparatus comprising; 

a converting unit which converts a commercial AC voltage into a DC volraqe- 

T^SSH^ ° h C : 0,Ia 9 e unil "steers ™ instantaneous va.ue of the DC voltage- and 

2. The inverter control apparatus according to claim 1 

4. The inverter control apparatus according to claim 2 

5. The inverter control apparatus according to claim 2 

6. The Inverter control apparatus according to claim 1 



40 



45 



50 



11 

BNSDOCID; <Ef 11 52521 A1_L» 



SEP. 1 3. 2005 4:2 1 PM WL&P 



NO. 6152 — P. 33 



EP1 152 521 A1 



O 

LL 




12 



BMSDOClD:<EP 1152£2lAl_l_> 



, SEP'. 13. 2.005 4:21 PM WL&P 



NO. 6152 — P. 34' 



BP 1 152 521 A1 



FIG.2 
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(B) POWER SOURCE VOLTAGE IN CHINA 
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220X1.414 



( C ) POWER SOURCE VOLTAGE IN 240V±10% 

AUSTRALIA REFERENCE VOLTAGE V ref 240X1 .414 
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FIG.3 
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FIG.5 
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